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Abstract

Background. The intensive use of insecticides in public health and agriculture
has led to the development of insecticide resistances in malaria vectors across
sub-Saharan Africa countries in the last two decades. The kdr target site point
mutation which is among the best characterised resistance mechanisms seems
to be changing its distribution patterns on the African continent. The 1014F kadr
mutation originally described only in West Africa is spreading to East Africa
while the 1014S kdr mutation originally described in East Africa, is spreading to
West and Central Africa. However, the East-kdr mutation has not been reported
in Cdte d'lvoire so far.

Methods. Immature stages of Anopheles gambiae s.I. were collected from
breeding sites at the outskirts of Yamoussoukro, Cote d'lvoire. Emerging 3-5
day old adult female mosquitoes were tested for susceptibility to deltamethrin
0.05%, malathion 5%, bendiocarb 1% and dichlorodiphenyltrichloroethane
(DDT) 4% according to WHO standard procedures. A total of 50

An. gambiae s.l. specimens were drawn at random for DNA extraction and
identification down to the species level. A subsample of 30 mosquitoes was
tested for the East-African kdr mutation using a Tagman assay.

Results. The tested mosquito population appeared to be strongly resistant to
deltamethrin (1.03% mortality), bendiocarb (38.46% mortality) and DDT (0%
mortality) with probable resistance observed for malathion (92.47%). Among
the 41 mosquitoes that were successfully characterized, An. coluzzii was
predominant (68.3%) followed by An. gambiae s.s. (19.5%) and a few hybrids
(7.3%). Out of 30 specimens genotyped for East-kdr, a single hybrid mosquito
appeared to be heterozygous for the mutation.

Conclusion. The present study revealed the presence of the East-kdr mutation
in Cote d’'lvoire for the first time in An. gambiae and highlights the urgent need
to start monitoring the allele and genotype frequencies.
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Introduction

The implementation of malaria control strategies, such as the
spraying of residual insecticides and the use of insecticide-treated
mosquito nets have led to enormous progress in the control of
malaria in Sub-Saharan Africa (Hemingway, 2014). However, only
four classes of insecticides are available for public health purposes,
namely pyrethroids, carbamates, organophosphates and organo-
chlorines. Since the discovery of pyrethroids, the only compounds
currently recommended for impregnation of mosquito nets owing
to their efficacy and safety for humans, no alternative insecticides
have been identified. This strong reliance on the same molecules
is inevitably translated into a heavy pressure on the target mos-
quitoes, which consequently have developed resistances to these
compounds. The role of the agricultural sector in this selection of
resistances remains predominant since anopheline larvae breed in
and around farm settings in rural areas. Rice and vegetable cul-
tivation, where 90% of insecticides used are pyrethroids, are of
particular concern (Chouaibou er al, 2016). Induced resistances
may involve increased degradation of the insecticide (so-called
metabolic resistance involving three families of enzymes: P-450,
esterases and glutathion-S-transferase) (Hemingway et al., 2004)
or a modification of the target preventing the insecticide from
reaching its site of action (resistance-based target site point
mutation) (Martinez-Torres et al., 1998; Ranson et al., 2000;
Weill et al., 2004).

The kdr and Ace-1 mutations are among the best characterised
point mutations. Previous studies aiming at estimating the frequency
of the kdr mutation and its distribution across the African conti-
nent have shown that the 1014F kdr mutation first described only
in West Africa (Awolola et al., 2005; Diabate et al., 2004; Tripet
et al., 2007; Yawson et al., 2004) has spread to East Africa
(Kulkharni et al., 2006; Ochomo et al., 2015; Verhaeghen et al.,
2006). Vice versa, the 1014S kdr mutation originally described
only in East Africa, was observed in West and Central Africa
in recent years (Badolo er al, 2012; Nwane er al, 2011). The
underlying resistance mechanism of both East- and West-kdr
mutation is responsible for cross-resistance to dichlorodiphenyl-
trichloroethane (DDT) and pyrethroids (Martinez-Torres ef al.,
1998; Ranson et al., 2000).

In Cote d’Ivoire resistances to insecticides of four classes used
for vector control are prevalent and involve multiple mechanisms
(i.e. West-kdr, Ace-1, P450s) (Edi er al., 2014). However, the East-
kdr mutation has not been reported in this country so far.

Methods

Mosquito sampling and susceptibility testing

Immature stages of An. gambiae s.l. were collected from breeding
sites in October 2015 in rice fields at the outskirts of the city of
Yamoussoukro (6°4913” N/5°16’36” W) as part of a large insec-
ticide resistance monitoring study across several cities in Cote
d’Ivoire. Larvae sampled from different breeding sites were pooled
and allowed to emerge as adults at the insectary of the Centre Suisse
de Recherches Scientifiques en Cote d’Ivoire (CSRS). Emerging
3-5 day old adult female mosquitoes were tested for insecticide
susceptibility. WHO standard procedures (WHO, 2013) were
followed to monitor the susceptibility of populations to the four
chemical groups of insecticides commonly used in public health
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and agriculture including pyrethroids (deltamethrin 0.05%), orga-
nophosphates (malathion 5%), carbamates (bendiocarb 1%) and
organochlorines (DDT 4%). Batches of 25 unfed mosquitoes were
exposed to insecticide impregnated filter papers obtained from the
WHO reference centre at the University Sains Malaysia (Penang,
Malaysia). For each test session, 100 mosquitoes (four batches of
25 mosquitoes) were exposed to each insecticide and 50 mosqui-
toes (two batches of 25 mosquitoes) were exposed to untreated
filter papers to serve as controls. The same procedure was carried
out using reference susceptible An. gambiae mosquitoes (Kisumu
strain) obtained from Liverpool School of Tropical Medicine in
order to assess the quality of the papers used. All bioassays were
conducted at insectary conditions (temperature of 25-27°C and
70-90% relative humidity) and WHO criteria were used as a
guideline to assess the phenotypic resistance status of the tested
mosquito populations (WHO, 2013). According to those criteria,
resistance is demonstrated by mortality rates <90%, 90-98%
suggests increased tolerance (resistance has to be confirmed) and
mortality rates >98% are indicative of susceptibility.

Molecular identification and kdr genotyping

For molecular identification, 50 An. gambiae s.l. specimens were
drawn at random from the pool of unexposed mosquitoes (bio-
assay controls) for DNA extraction. Individual mosquitoes were
identified down to their species level using the Sine-PCR method
(Santolamazza et al., 2008). Among these, 30 mosquitoes were
tested for the East-African kdr mutation applying a Tagman assay
(Bass et al., 2010). The reaction was performed using an Agilent
Stratagene MX3005 qPCR thermal cycler in 10 pl final volume
containing SensiMix from Bioline, a primer coupled to a probe
and water. The cycling conditions used were 10 min at 95°C,
40 cycles of 10 s at 95°C and 45 s at 60°C. Two probes labelled
with fluorochromes FAM and HEX were used to detect the
mutant allele and the wild type susceptible allele, respectively.
Genotypes were scored after real time amplification as dual
colour scatter plots produced by the MX3005P v4.10 software.

Results

Resistance status

The An. gambiae Kisumu reference strain exhibited full susceptibil-
ity (100% mortality) to all the insecticide treated papers confirming
appropriate quality. Mortality in the control groups was consistently
below 5%, and thus did not require any correction. Based on WHO
criteria (WHO, 2013), the wild mosquito population of Yamous-
soukro appeared to be strongly resistant to deltamethrin (1.03%
mortality), bendiocarb (38.46% mortality) and DDT (0% mortal-
ity). A probable resistance was, in addition, seen for malathion with
a mortality rate of 92.47%.

Species identification and kdr genotyping

Out of the 50 mosquitoes that were used for DNA extraction,
the species was successfully characterised in 41. Among these,
An. coluzzii (former M molecular form) was predominant (n=28;
68.3%) followed by An. gambiae s.s. (former S molecular form)
(n=8; 19.5%) and a few hybrids (M/S) (n=3; 7.3%). From the
30 specimens genotyped for East-kdr, a single hybrid (M/S)
mosquito appeared to be heterozygous for the mutation (Figure 1).
Based on the fact that this specimen was heterozygous, it was
further characterized for West-kdr to verify that it was not a double
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Figure 1. East African kdr genotype of wild Yamoussoukro Anopheles gambiae s.I. population. The ‘a’, ‘b’, ‘d’ and ‘e’ on the figure are the
positive controls respectively for the homozygous mutant allele, heterozygous mutant/susceptible allele, homozygous susceptible allele and
blank. One single mosquito (‘c’) displayed the heterozygous mutant/susceptible allele as it appeared to be susceptible for West-kdr mutation.

All the other samples (‘') displayed the susceptible alleles.

mutation West-East-kdr. However, it appeared to be negative for
the West-kdr mutation.

Discussion

At least 64 countries with on-going malaria transmission around
the globe have reported resistance to at least one insecticide in at
least one vector (WHO, 2012). In Cote d’Ivoire, resistance to the
four families of insecticides was described within the same vector
population simultaneously (Behi Fodjo and Mouhamadou Chouai-
bou, personal communication; Edi er al., 2012) involving several
mechanisms at the same time (Edi ez al., 2012). The present study
describes the East-kdr mutation for the first time in Cote d’Ivoire
and delivers further proof for a pan-African propagation of the kdr
resistance phenomena. The alarming new occurrence of this muta-
tion in Ivorian anopheles mosquito populations represents a major
threat to on-going vector control activities as the current strategy
of the National Malaria Control Program in the country is heav-
ily based on the use of long lasting nets. According to WHO, with
the current level of global vector control coverage, about 220 000
children under the age of five are saved each year (WHO, 2012);
if pyrethroids were to lose their effectiveness due to resistances
this number could decrease significantly. Moreover, some labora-
tory studies have shown that female anopheline mosquitoes with
insecticide resistance alleles affect vector competence by increas-
ing susceptibility to plasmodium (Alout ef al., 2013; Ndiath ez al.,
2014). If the same applies to field populations, then we are facing a

potential dramatic increase in malaria transmission. Thus, there is
an urgent need to carry out concrete actions for resistance manage-
ment by using completely new mode of action insecticides and not
reformulating insecticides already in use for agriculture. These
insecticides could be alternated in time (rotation) and in space
(mosaic) or simultaneously (mixture). The rotation and mosaic
methods are based on the principles of limiting the duration of
exposure of each insecticide to the target. The strategy of mix-
ing insecticides is based on the assumption that the compounds
could act in synergy, or that each insecticide in the mixture will
be able to eliminate those individuals that are susceptible to it.
The Innovative Vector Control Consortium (IVCC) has promised
to deliver three new insecticides with totally novel and different
modes of action by 2022. Using insecticides with different modes
of action in rotation, mixture or mosaic could break the cycle of
insecticide resistance and underpin a global malaria elimination
and eradication program.

Conclusion

The present study confirms the presence of the East-kdr mutation
in Cote d’Ivoire for the first time in An. gambiae. Even though the
mutation was observed in a single mosquito at the heterozygous
state it is of utmost importance to start monitoring the allele and
genotype frequencies. This study should further aid the rational
planning of insecticide resistance management deployed in Cote
d’Ivoire and more widely in Africa.
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Title and Abstract:
Yes! The title is appropriate.

Article content:

The design is well explained and can be readily repeated. The approach is great and would be
effective for answering the stated question. The contents of the study is sound as well. However, |
have picked up one issue around the way the results are interpreted and need for further
verification of the results. | would like therefore, to raise the following concern (point (i) below), and
some additional comments (points (ii) to (iv) below) for improvement:

. One would expect that once the first indications of the East-kdr alleles were observed; and given

that this was a single specimen which was heterozygous, the researchers should have conducted
an expanded survey in the study area to try and confirm presence of this mutation on the vector
populations. Having said that, the fact that East-kdr mutations have already been observed in
other West African countries outside the Cote d’Ivoire, one might argue that it was only a matter of
time before it is observed in this current location. Nevertheless, as it stands, this first report is made
based on a single specimen, without any additional verification. | assume that the authors intend to
conduct such verification and present additional data, possibly in a follow up publication.

The labelling and caption for Figure 1 can be confusing for some readers. It requires greater clarity.
For example, the use of the term “susceptible” in this figure does not appear mean the same thing
as the term “susceptible” as used when describing results of the WHO susceptibility assays.

Third (discussion section), in addition to the observations of East-kdr, another significant finding
here is the extremely low mortality observed among mosquitoes exposed to pyrethroids (1% with
deltamethrin), carbamates (38% with bendiocarb) and organochlorides (0% with DDT). These high
resistance levels may seem obvious and commonplace in West Africa, but they do warrant greater
discussion, with relevance to current vector control tools. A comment of any results of previous
intensity assays done in the area would be useful in this context.

Lastly, the authors state in the discussion that “According to WHO, with the current level of vector
control coverage, about 220,000 children below 5 years are saved each year; if pyrethroids were to
lose their effectiveness due to resistances, this number could decrease significantly”. Well, given
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the results from this specific study and also a number of other studies from the region, the
pyrethroids have already clearly lost their efficacy against mosquitoes. So perhaps an important
question is whether and how this change is in any way associated with the overall effectiveness of
current interventions.
The authors make a case for further surveillance to monitor east-KDR prevalence in the area. The current
report is based on a single specimen, so such additional surveys, including some focus on confirming
presence of east-KDR are warranted.

Data (if applicable):
Enough information has been provided to be able to replicate the experiment. The data is in a usable
format/structure and all the data has been provided.

| have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.
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Africa (OCEAC), Yaoundé, Cameroon

1. Title and Abstract:
Yes, the title is appropriate for the content of the article and the abstract represents a suitable
summary of the work.

2. Article content:
The design, methods and analysis of the results from the study have been clearly explained and
they are appropriate for the topic being studied.

3. Results:
Data are well presented and enough information has been provided. Therefore everybody with
appropriate scientific background could replicate the experiment.

4. Discussion and conclusion:
According to me the conclusions are sensible, but not totally balanced and justified on the basis of
the results of the study.

In my opinion, the detection of East-kdr in lvory coast where it has not been reported yet is a proof
that resistance genes are spraying across the continent. However, by saying that " The alarming
new occurrence of this mutation in Ivorian anopheles mosquito populations represents a major
threat to on-going vector control activities as the current strategy of the National Malaria Control
Program in the country is heavily based on the use of long lasting nets", one could understand or
assume that the East-Kdr mutation confers greater resistance than the West-kdr mutation which is
already widespread in Ivory Coast. Therefore by identifying this mutation in this country, the level of
resistance in Anopheles population would increase. Is this the case?
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According to some authors (eg: Reimer et al. 2008) the West-kdr seems to confer greater
resistance than the East-kdr. Therefore, | suggest the authors of this paper to add in the discussion
information about the real impact of the presence of East-kdr or both mutations, on level of
resistance of local malaria vector populations.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.
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